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PREFACE

This report contains the computer processed results of
seventeen film records and a digital record from stations in the
USGS Cooperative Network of permanent stations during the Loma
Prieta, California, earthquake, M7.1, on|October 18 (GMT), 1989.
The 70 mm film records are from close-in stations (closest
epicentral distance 27 km) or important San Francisco Bay Area
stations. Central recorder film records' at three of these
stations (Anderson Dam, 600 Montgomery Street and Emeryville) are
also due for processing. This "Executive Summary" report contains
computer plots of uncorrected acceleration (except relatively
insignificant codas), corrected acceleration, velocity and
displacements (except relatively insignificant codas), tripartite
response spectra (except the upper stories of buildings and the
crest of the dam), and Fourier amplitude spectra plotted on log
axes. Subsets of plots excluded from the above 1ist, and other
familiar plots (velocity response spectra on linear axes, and
Fourier amplitude spectra on linear axes) are available from the
authors at USGS, 345 Middlefield Road MS 977, Menlo Park,
California 94025, upon request. A companion tape containing all
processed results (except FFT Fourier amplitude spectra ordinates)
is available from the National Geophysical Data Center, 325
Broadway (Mail E/GCl), Boulder, Colorado!80303; phone (303) 497-
6764. :

Cover Picture. Aerial photo looking north at Pier E-9 on October
19, 1989, showing the collapsed upper and lower 50 foot deck
spans. From "Performance of Structures During the Loma Prieta
Earthquake of October 17, 1989," NIST Spec. Pub. 778 (ICCSSC
TR11), H. S. Lew, Editor.
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LOMA PRIETA, CALIFORNIA, EARTHQUAKE, OCTOBER 18 (GMT), 1989

PROCESSED STRONG-MOTION RECORDS: VOLUME 1

|
INTRODUCTION

Instruments at 41 stations within the USGS Cooperative Strong-Motion
Network were triggered by the M7.1 Loma Prietia earthquake on 18 October 1989,
at 00:04 hr (GMT) (17 October, 1704 hr PST; Maley and others, 1989). Three of
these 41 stations were not included in the above report: Bear Valley Fire
Station, Rivera St., Milpitas, and a digital recorder at a parking garage at
Stanford University. Epicentral distances range from 27 to 115 km. This
report contains the results of processing seventeen 70-mm film records and the
Stanford digital record, from thirteen stations, including the closest to the
epicenter (at Anderson Dam) and important San Francisco Bay area stations, as
shown in Figure 1. Computer plots of uncorrected acceleration, corrected
acceleration, velocity and displacement, response spectra (except for upper
levels), and Fourier amplitude spectra are included in the Appendices. A
companion tape is available from the National Geophysical Data Center (NGDC),
NOAA, 325 Broadway, Mail E/GC1, Boulder, Colorado 80303. Phone (303) 497-
6764,

PROCESSING PROCEDURES

The original film records, 70 mm wide, were contact printed onto "direct
positive" mylar film. Exposure and developing times were selected to produce
a contrast between black trace and clear background that was most satisfactory
for subsequent digitizing, and to ensure that faint traces were digitizable.

Digitizing was performed on the contact prints by a commercial digitizer
using a computer-controlled frace-following laser scanner. The machine has a
Teast count of 1 micron (107° meter) and an accuracy (in the RMS sense) while
digitizing a straight line, of #3 to %15 micron, depending on the clarity of
the edges of the line (Fletcher and others, 1980). Overall accuracy of the
optics is maintained by digitizing a square grid, and performing an
appropriate optical correction on every digitized point.

The raw data is almost equispaced at app}oximately 600 samples per cm
(that is, 600 samples per second of record time), although higher densities
are required around the sharpest peaks.

The first processing steps are (Converse, 1984): 1, reassemble the data,
d1g1t1zed in four successive 10-second frames, into 40 sec (approximately)
time series; 2, adjust the time coordinates 1 accordance with the digitized
time marks; 3, subtract an adjacent reference}trace , subtract the
applicable mean value; and 5, scale for units of seconds and cm/sec/sec. The
resulting data, having had no direct and spec1f1c alteration of their
frequency content, have long been called uncorrected acceleration.

Corrections affecting particularly the high frequency end of the useful
spectrum include: an instrument correction (applied across the entire spectrum
but having most visible effects at frequencies higher than the natural



frequency of the instrument); a high-frequency Tow-pass filter at 50 Hz with a
cosine taper to zero at 100 Hz; and decimation to 200 samples per second.

Filtering out the Tow-frequency noise is performed with a bidirectional
Butterworth filter placed at such a frequency as to retain as much as possible
of the low-frequency content, but to exclude that part of the signal overly
contaminated by noise. These are conflicting requirements, and vary from
station to station, and possibly even from trace to trace on the same
record. It is always desirable to retain periods as long as, or longer by a
factor of two than, the rupture duration, insofar as this can be approximated
by the strong-motion duration of the record (Basili and Brady, 1978). In
structural records it is of course desirable to retain content with periods
equal to or greater than the Tongest natural mode period of the structure.

Several opportunities exist for ascertaining the low frequency below
which noise problems are present and must subsequently be removed.

1. Accelerations after two integrations must show displacements at the
periods in question, and longer, that do not disagree substantially
with those that might be expected, by the seismological community, from
traditional displacement meters.

2. Displacements, at the periods in question, derived from stations
sufficiently close to each other, will be coherent (for example, Hanks
(1975)), that is, they will have similar shapes, although offset by
applicable small time intervals.

3. Displacements from recorders within a structure, at periods longer than
the natural periods of the fundamental resonant modes, will be
coherent.

4. The Fourier amplitude spectrum and the tripartite response spectrum of
a noise-free record will fall off smoothly at longer periods except for
resonances in structures or in soft ground. Beyond these resonances,
long period noise, if concentrated within a specific frequency range,
will show clearly.

5. The Fourier amplitude spectrum of a true straight line, digitized as
though it were an acceleration trace, is a basic measure of noise in
the digitizing system at all frequencies. If this spectrum meets and
coalesces with the calculated Fourier spectrum of a record at long
periods, it is clear that in this period range noise is dominant.

6. The Fourier spectrum of a reference trace on the record, digitized in
the normal course of digitization of all traces, is a basic measure of
noise in the recording system and digitizing system at all
frequencies. Some long-period noise sources, resident in the recorder
itself, are removed from the signal during the subtraction of the
reference trace, followed by subtraction of the mean value. If,
however, these recorder-resident noise sources are insignificant and
the reference traces are close to truly straight, then the merging of
the two Fourier spectra (of uncorrected accelerogram and reference
trace) at Tong periods indicates a region where noise is dominant.



These conditions play significant roles in the selection of the long-
period Timit for individual records in this report.

In the corrected plots in Appendix 2, the bidirectional Butterworth
filter is used for long-period removal, and is applied to the velocity data
(obtained by integration from the uncorrected acceleration). This filter
permits the resulting initial velocity to be non-zero. Acceleration and
displacement are calculated from this corrected velocity by differentiation
and integration, respectively. The integration for displacement commences
with zero displacement.

An option exists that assumes the recorded acceleration is preceded by
zero acceleration. Processing of the record with leading zeros allows the
displacement to have attained non-zero values by the time of actual record
triggering. This displacement data, and their plots, are subsequently
provided from this time of actual triggering, where in general the
displacement is non-zero.

In either treatment, the displacement is not forced to have an average
value close to zero by the end of the record. Particularly in the cases where
routine processing is used, the final displacement is occasionally seen to be
oscillating about a value that is different from zero. Insofar as this is
directly attributable to the unknown initial displacement, and may be
considered in the same way as an arbitrary integration constant is usually
considered, it is not an important issue. Studies using peak displacements
will need care in the measurement of peak displacements from such records.

Table 1 lists the stations, with the instrumentation owner, epicentral
distance, brief site geology, trigger time from a WWVB receiver, if available,
and the long period filter. Station coordinates and peak values are available
in Maley and others (1989) where peaks are scaled from the original film;
corrected peaks may be obtained from the plots in Appendices I and II.

The following comments apply to specific stations whose processed records
appear 1in this report. These comments are in addition to those found in Maley
and others (1989).

1. Anderson Dam, the Transamerica building, and Emeryville are
extensively instrumented with centrally recording accelerographs, in addition
to the 70-mm film recorders described here.

2. Initial investigation of the Anderson Dam displacements and spectra,
using a wide range of long-period filters, indicated an optimum choice of a 4-
second filter. Calculated displacements after 6-second filtering were not
sufficiently coherent across the station instrumentation, considering the
Tongest period of vibration of the dam to be less than one second. Mostly as
a result of this, all records in this report were filtered at 4 seconds. The
one exception is the Transamerica Building whose longest fundamental resonant
period is approximately 3 1/2 or 4 seconds (depending on the translational
direction), as measured from the original film or the uncorrected data
included here. The Fourier spectra over the entire record indicate that the
peak spectral periods are 3.63 or 3.69 seconds. In order to capture this
period, a long period filter of 6 seconds was used. There is no indication
from the three records included here that the resulting motions are



contaminated with noise.

3. Anderson Dam. The crest, left abutment, and downstream recorders are
not connected for simultaneous triggering or common timing marks. The left
abutment recorder has a slight interference problem, presumed to be
electromagnetic, between the time marks and the acceleration traces, as can be
seen in the repeating half-second pattern in these traces. There is no
significant peak in the Fourier spectra at 2, 4, 6, ... Hz. The low-amplitude
spikes could be removed from the uncorrected data with further high-frequency
filtering.

4. Hollister Airport Differential Array. The film recorder is in the
recording building, which also contains the recorders for the inoperative
digital array.

5. Palo Alto VA Hospital. The basement record suffers from film
hesitations beyond 29 seconds, and thickening there of the traces results in
the apparent spikes in the uncorrected data. The time marks ensure that the
sections of the traces following the hesitations are timed correctly. The
digitized version beyond 29 seconds should not be used before the spikes are
removed.

The roof (7th level) record had traces crossing each other and needed
careful work to separate them. High-frequency oscillations arrived
simultaneously with both the highest peak (1097 cm/sec/sec) and the crossing
traces.

6. Stanford University Parking Garage. This is a digital recorder at the
lowest basement level. The record has a pre-event memory, of which
approximately four seconds have been included in this report.

7. San Francisco, 600 Montgomery St., Transamerica Building. The three
recorders are interconnected for simultaneous triggering and common time-code-
generated time marks. Each record was digitized to nearly 60 seconds to
capture the decaying long period oscillations (see note 2, above). The
records ran for 80 seconds. The three recorders show various amounts of
interference from the time marks (see note 3, above).

The 49th floor recorder shows a number of arrivals on all three traces of
high-frequency excitation, particularly evident in the vertical trace, and
lasting intermittently for the entire 60 seconds. Typical high ampTlitude
characteristics are 30 Hz frequency, 50 cm/sec/sec acceleration amplitude,
0.0014 cm displacement amplitude. No evidence is known at this time regarding
the cause.
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TABLE 1

LOMA PRIETA EARTHQUAKE, OCTOBER 18 (GMT) 1989
USGS COOPERATIVE STRONG MOTION NETWORK STATIONS, VOLUME 1

Epic. Trigger Long
Inst. Dist. Site time Period
No. Name (Instrumentation Owner) Shelter (km) Geology (sec) (sec)
1. Anderson Dam (USGS) 27
Crest 5 Earthdam -- 4
Left Abutment 1 Rock -- 4
downstream 1 Alluvium 04:22.9 4
4. Sunnyvale: Colton Ave. (USGS) 2 43 Bay sediments  -- 4
-AlTuvium
5. Hollister Airport Diff. Array (USGS) 3 45  AlTuvium 04:26.5 4
6. Palo Alto VA Hospital (VA) S6 47  Tertiary -- 4
Sed. rock
7. Hollister City Hall (USGS) S1 47  Alluvium 04:27.1 4
10. Stanford University (S.U.)
SLAC Test Lab 51 Tertiary -- 4
Sed. rock
Parking Garage 51 Alluvium -- 4
11. Menlo Park VA (VA) S3 54  Alluvium -- 4
12. Fremont: Emerson Court (USGS) 2 56  Alluvium -- 4
15. APEEL Stn 2: Redwood City (USGS) 4 63 Bay sediments  -- 4
' ARRE
29. San Francisco: 600 Montgomery (USGS) S49 97 Sediments over -- 6
hard rock
30. Emeryville: 6363 Christie Ave (USGS) 1 97 Bay sediment -- 4
/fill
35. San Francisco: Golden Gate Br. (USGS) S2 100  Rock -- 4
Abutment/To11 Building
Notes: . Station number is keyed to Figure 1.

1
2. Trigger time in minutes:sec after 00 hr, Oct. 18, 1989 (GMT).
3

. Instrument Shelter code: 1, Small, fibreglass; 2, house garage floor; 3,
small metal bldg on concrete slab; SN, N-story structure; 4, metal shelter
on concrete slab; 5 small concrete block structure.
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Figure 1. USGS Cooperative Network stations triggered during the October 18 mainshock
(from Maley and others, 1989). 70-mm film records from the numbered stations, keyed
to Table 1, are included in this report.
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APPENDIX 1
UNCORRECTED ACCELEROGRAM
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APPENDIX 2
CORRECTED ACCELERATION, VELOCITY, DISPLACEMENT
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